T he loss of memory and general cognitive declines that are common symptoms of aging are seen in both human and nonhuman animals. Lapses in spatial memory, or the memory for place, are some of the first mv emory loss problems that an aging individual will encounter (Beatty, 1988) . Enrichment, begun at any age, considerably improves the function of memory in mice (Bennett, McRae, Levy, & Frick, 2006; Frick, Stearns, Pan, & Berger-Sweeney, 2003; Harburger, Nzerem, & Frick, 2007; Lambert, Fernandez, & Frick, 2005 ; Van der Borght, Havekes, Bos, Eggen, & Van der Zee, 2007) . Environmental enrichment for rodents takes many forms beyond providing standard animal housing. Examples include social enrichment (i.e., housing animals in the same cage), physical exercise (i.e., placing open exercise wheels in cages for animal use), and cognitive stimulation (i.e., toys, tunnels, or housing). These forms of enrichment have been shown to improve spatial memory function in mice (Lambert et al., 2005; Van der Borght et al., 2007) . Yet the clearest evidence of signifi cantly improved memory function has come from studies with groups of middle-aged or aged mice or rats (Bennett et al., 2006; Harburger et al., 2007) that experienced continuous enrichment (4 weeks of 24 hour exposure).
Harburger et al. found that any one of the forms of continuous enrichment increased spatial reference memory in aged mice, while Bennett et al. noted that aged mice in a continually enriched environment demonstrated spatial memory results in the Morris Water maze that mimicked those of young controls.
Environmental enrichment improved spatial memory for aged and middle-aged mice and rodents (Frick & Fernandez, 2003; , while 24 hr complex environmental enrichment produced spatial memory results that mimicked those of young control mice (Bennett et al., 2006) . While enrichment was shown to improve spatial memory, the forms of enrichment used were varied (e.g., exercise, cognitive toys, social housing). It is unclear if one form of enrichment is "better" than another in its effects on spatial memory when directly compared. Harburger et al. (2007) and length of exposure) in a comprehensive examination of environmental enrichment and spatial reference memory. Young, middle-aged, and aged mice experienced 4 weeks of enrichment in four environments: control, cognitively stimulating (toys), exercise wheels, or complex (social housing with cognitive toys and exercise wheels). Any of these forms of enrichment appeared to increase spatial reference memory for the aged mice, with the complex environment producing the greatest improvement in spatial memory in the aged and middle-aged mice, indicating an additive effect. Yet, these conclusions are confounded by the use of exercise wheels in the complex enrichment group as physical exercise also infl uences memory development and retention (Van der Borght et al., 2007 stressed that these must be studied independently to differentiate the effect of physical exercise from the cognitive stimulation of the wheel.
The current research activity examined the effects of two specific types of enrichment, social housing and a combination of social housing and cognitively stimulating toys, on the spatial reference memory of aged mice while avoiding the exercise wheel confound. It was hypothesized that mice subjected to a complex enriched environment (cognitive stimulation toys and social housing together) would demonstrate improved spatial reference memory as evidenced by Barnes Maze performance compared to mice subjected to simple social housing. Additionally, freezing behavior (total immobility other than respiration for a period of 5 s) is considered an indicator of anxiety (Crawley, 2007) which should decrease as the animal remembers the context and the appropriate response in the Barnes Maze. Episodes of freezing were hypothesized to occur less in mice exposed to the complex enriched environment than in mice experiencing social housing only.
Method Subjects
Twenty-four C57BL/6 female mice, 10-month-old retired breeders, were purchased from Charles River Laboratories and spent 6 months in the Psychology Department Laboratory, individually housed in standard housing. At middle-age (16 months old), the subjects were randomly divided into two equal groups: complex enrichment (CENR) and social enrichment (SENR). The CENR group experienced 6 weeks of continuous social housing with cognitively stimulating toys, while the SENR group experienced the 6 weeks in social housing only. Mice underwent experimentation in two phases. Due to time constraints, two cohorts (6 mice per condition) were exposed to their respective housing conditions and tested at separate times. One mouse from each condition had to be removed from the experiment due to injuries resulting from over-grooming by other mice in the cage. All experimental procedures were approved by the Nebraska Wesleyan University Institutional Animal Care and Use Committee.
Materials
Spatial reference memory was tested via the Barnes Maze (Med Associates ENV-562). This maze effectively measures spatial reference memory (Barnes, 1979) . The Barnes Maze is a white circular table (122 cm diameter) with 40 (5 cm diameter) holes equally spaced along the outer edge and located 140 cm above the fl oor. An open-ended metal cylinder (7.6 x 12.7 cm) was placed in the center and served as the starting chamber. Two fl ood lights were centered above the maze (3000 lux) to make the table more aversive. Beneath one of the 40 holes was a black escape box which provided a dark place for the mouse to escape from the aversive bright and white table surface. The box was fi lled with a thin layer of bedding to provide a more comfortable and familiar environment. On three of the walls in the square room were brightly colored posters for the mice to reference as cues to locate the escape hole. The researcher wore a white lab coat throughout the duration of testing while standing in the same location in the doorway for each trial to provide a consistent fourth reference cue.
Procedure
Each mouse was randomly assigned an escape hole location for the duration of training. Day 1 of testing was termed Habituation. A standard clear plastic mouse cage was placed over the mouse and three holes, the center of which was the escape hole assigned to the mouse. The mouse was left undisturbed for 4 min, allowing it to habituate to the maze, see the reference cues on the wall, and learn that an escape box was present under a specifi c hole. The researcher observed the subjects at this time, making special note of any unusual behaviors or if any of the subjects entered the escape box. If the mouse had not entered the escape box by the end of the 4 min, it was gently herded into the box and allowed to remain there for 30 s. Day 2 through day 5 of testing was termed Acquisition training. Each mouse was given four trials per day, with a 2 min maximum per trial. The mouse was placed in the central starting chamber for 15 s to allow the subject to orient to the surroundings. The chamber was then lifted and the researcher moved to the assigned spot in the doorway. The mouse was allowed 2 min to fi nd and enter the escape hole. If the mouse entered the escape box before the 2 min time limit, it was immediately removed from the escape box and returned to its cage. If the 2 min limit was reached, the mouse was gently herded into the correct hole and allowed to remain in the escape box for 30 s before being returned to its cage. During each trial, four observations were recorded: the number of errors the mouse made (defi ned as poking the entire head into an incorrect hole), the latency to initially poke its head into the correct hole, the latency to enter the correct hole with all 4 feet in the escape box, and the frequency of freezing behavior (defi ned as total immobility other than respiration for 5 s). Mice were run in pairs, with one resting in its cage while the other performed a trial, and vice versa, until four consecutive days of four trials were completed.
Results
Data were analyzed using a 2 x 4 mixed design ANOVA to determine the effects of housing condition (CENR or SENR) and day (4 training days). Signifi cant main ENRICHMENT AND SPATIAL MEMORY | Koke and Petro effects of enrichment conditions relative to day of testing were further analyzed using an independent samples t test. A signifi cant decrease in the mean number of errors over the 4 days of training indicated that mice in both conditions learned the location of the escape box using the extra-maze cues, F(3, 60) = 28.62, p < .001, η 2 p = .59 (Figure 1 ). No signifi cant interaction was found, F(3,60) = 2.49, p = .07. As seen in Table 1 033. This is consistent with signifi cant differences in latency to fi nd and latency to enter the escape hole on day 2. The lack of signifi cant differences on days 3 and 4 signify that both groups became more familiar with the Barnes maze environment and experienced decreased amounts of stress and anxiety. While mice in both enrichment conditions eventually learned the location of the escape hole using distal cues, the mice in the complex enrichment condition adapted to the maze and learned the location faster than the social enrichment mice.
Koke and Petro | ENRICHMENT AND SPATIAL MEMORY

FIGURE 4
Average number of freezes per trial day. Each point represents the M ± SEM for each condition during the day's testing.
*
Represents a signifi cant diff erence between conditions at p < .05, two-tailed. 
Discussion
The present study expanded on previous research (Harburger et al., 2007) to compare two specifi c types of environmental enrichment, social housing and a combination of social housing with cognitively stimulating toys, in middle-aged mice for an extended period of time while avoiding the possible confounding effects of the use of exercise wheels. The hypothesis that complex environmental enrichment improved spatial reference memory as measured by Barnes Maze performance over social housing alone was supported. Mice subjected to complex enrichment took less time to both fi nd and enter the escape hole than mice that experienced only social housing. This study adds an interesting twist to the validity of enrichment and memory studies. The results suggest that different types and combinations of enrichment may provide diverse improvements in declining spatial memory of aged individuals, when the exercise wheel confound is eliminated. The complex enrichment group, housed with a combination of two enrichment variables (social housing and cognitively stimulating toys), demonstrated enhanced spatial memory over the social group, exposed to only the single enrichment variable of standard social housing. Our results are comparable to Harburger et al.'s fi ndings indicating that social housing, as an enrichment variable alone, does not produce the same strength of spatial memory outcomes as the combination of cognitively stimulating toys with social housing. Our research is consistent with the results of previous enrichment studies (Bennett et al., 2006; Frick & Fernandez, 2003; Harburger et al., 2007; Lambert et al., 2005; Van der Borght et al., 2007) and add to Harburger et al.'s conclusion that "single enrichment factors differentially improve spatial reference memory" (p. 684). Our study demonstrates that enrichment variables, and combinations thereof, do have various effects on the improvement of spatial reference memory of middle-aged mice. Future research should continue to examine all possibilities and combinations of enrichment variables to determine if there is a "best" combination, or perhaps a single variable, which produces maximum spatial memory results.
One interesting aspect in the results is the lack of signifi cance in the number of errors made between complex and social enrichment groups. While the complex enrichment group had a shorter latency to both fi nd and enter the correct escape hole, thus spending less time on the Barnes Maze, it is intriguing that the number of errors made in fi nding the correct escape hole was not signifi cantly less than those of the social housing group. One limitation to the data collection during the Barnes Maze testing was that the numbers of errors made before and after fi nding the correct hole were not recorded separately. Future research should consider this when recording errors, as it is possible that differences in the number of errors before and after fi nding the escape hole could be another indicator of learning. However, the enriched mice spent considerably less time freezing, which indicates that they may have adapted to the maze much faster than the control mice. This quicker adaptation denotes faster learning and better recall for the complex environment enriched mice over the socially enriched mice. Yet the difference in errors between conditions made across the 4 testing days was not signifi cant. Perhaps the enriched mice, because of their faster adaptation, spent more time exploring the Barnes Maze until they found their assigned escape hole, and the number of errors made decreased per trial day as the latency to fi nd and enter their escape hole decreased signifi cantly across days 2 and 3. The control mice may have spent more time freezing after making errors due to stress and anxiety because of their slower adaptation to the new environment, thus limiting the number of errors made when attempting to fi nd and enter their assigned escape hole. The signifi cant difference in latency to fi nd and enter the escape hole on day 2 supports this conclusion.
Another limitation to this study may be that mice were obtained and tested in two cohort groups, with one cohort being tested in March and the other in July, and at differing times of day between the two phases, March in the morning and July in the late afternoon. It would be desirable to test the animals at consistent times of day within the same week. Although this was not feasible in the present study, future research should attempt this to eliminate any increase in variability.
An interesting application of the investigation of enrichment and its effects on memory in humans could be in the study of slowing the effects of Alzheimer's disease. One of the fi rst signs of the progression of Alzheimer's is when individuals seem to forget where they are or their locations-otherwise known as the loss of spatial reference memory (Beatty, 1988) . If complex enrichment, or single enrichment variables, can slow the loss of spatial memory in healthy middle-aged mice, perhaps this same factor could greatly slow the loss of spatial memory in humans suffering from the negative effects of Alzheimer's disease. The use of environmental enrichment variables as a nonpharmaceutical way to slow the development of memory loss in both middleaged mice and humans should be subjected to further research.
In conclusion, the results from this study support the conclusion (Harburger et al., 2007 ) that enrichment variables, single and in combination, have differing effects on spatial reference memory of middle-aged mice. Mice that experienced complex enrichment demonstrated greater improvement in spatial reference memory as measured by performance on the Barnes Maze than mice subjected to social housing alone. These results suggest that the combination of social housing and cognitively stimulating toys produces more desirable spatial memory activity than simple social housing alone.
